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ABSTMCT 


The current -voltage (I-V) cliaract eristics of a solar cell 
completely charactei*ize its performnce. Hence the evaluation 
of the performance of a solar cell ro<luires accurate neasurenoiit: 
of its I-V characteristics. Convent ional 1-Y plotter techniluo 
requires further data reduction firon the curve, vrhich mhes it 
inconvenient with regard to accuracy and speed, fron the above 
points of view an automated data acq.uisition and test system for 
solar cells is highly desirable. 

The system described here is built around and HTTEL 8080 
nicr opr 0 cess or -based microcomputer (MIORO-78 made by Electronics 
Corporation of India Ltd.), The hardware is composed of a 12 bit 
d/a converter, a 12 bit A/D converter, a driver, and a sensor 
circuit interfaced with the microcomputer through programable 
peripheral Interface (PPI) cards. The system is made totally 
nodular (both hardware and softivare wise) to facilitate any' 
further modification. Eurther, the software and Imrdware are 
designed in such a way as to provide automatic gain settings to 
cater for a variety of solar cells and other semiconductor 
devices. The sane system can be used without modifications, o.s 
an 1-V data acquisition system for aiy two terminal device. 



CHAPTER 1 


IFTRODUCTIOl'I 

Progress in analog instrumentation has been rapid since the 
introduction of the monolothic operational amplifiei'’ in 1965. 
Recent emphasis on microprocessor and minicomputer applications 
involving data acquisition, instrumentation and process control 
has made significant intrusion into the analog world. The move- 
ment from small scale integration (SSI) through Medium Scale 
Integration (MSI) to, large Scale Integration (LSI) and particu- 
larly the microprocessor has removed much of the economic 
advantages of analog instruments, ’ Intelligent Instruments' 
can be built around a microprocessor with the flexibility , 
improving the functional capabi3.ities by software modifications 
which are easy to implement^. 

1.1 AIM OP THE PROJECT 

The aim of the project is to provide a micro computer- 
based, modular, solar cell I-V ( current -voltage) data acquisition 
system compatible with a class of microprocessors available in 
the microprocessor laboratory of IIT Kanpur which could serve 
as a starting point in the computerization of solid state device 
data acquisition systems. 

The electrical behaviour of a solar cell is completely 
characterised by its current versus voltage (I-V) curve under 
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illumination, Do obtain this curve, the voltage across the 
solar cell may be continuously or discretely varied and the 
corresponding voltage and current' variations plotted on an 
X-Y plotter. However, accuracy, speed, and convenience 
requirements make it highly desirable to have an automated 
1-7 measurement system. If the measured 1-7 characteristics 
can be accurately modelled by a functional relationship such 

as I = f (7, 1, /\ 2 etc,) where ^ are appropriate 

electrical parameters, then, in principle, theAj^ can be 
evaluated by fitting the mathematical function to the measured 
1-7 curve using 
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Strictly speaking, Rg is a function of the current and 
equation (1) should be fitted to the experimental I— V curve 
over only a small region. 

The common method of obtaining the experimental illuminated 
I-V characteristics is by varying an externally applied voltage 
across the solar cell between zero and its open circuit value 
and plotting the current and voltage on an X-Y plotter. Several 
points are read-off the plotted curve and used in a non-linear 
curve fitting program to find the values of the electrical 
parameters. 

As can be seen, equation (1) is highly nonlinear. Even 
worse, the values of the different parameters vary over 
several orders of magnitude. Hence, the experimental data to which 
equation (1) provides a fit must be measured with a very high 
degree of accuracy to give any meaningful result. Such accu- 
racy is not possible with the method of reading points off a 
curve plotted on a graph paper. Besides, a. significant amount of 
labour is involved in reading 20 to 50 points off a plotted 
curve. With a large number of test points involved, the data 
reduction time would be inordinately large compared to the data 
acquisition time. Hence, it is desirable to build a micropro- 
cessor-based data acquisition system which, on command applies 
a large number of voltages across the test solar cell and 
digitally measures, stores and outputs the voltage and current 
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2 ^ 

values at each data point ' , Since the instrument is • 
microprocessor -based, intelligence can he built-in through 
softmre to average a number of data points, skipping insensitive 
regions and taking more readings in the sensitive regions (e,g, 
near the open circuit voltage of the solar cell). Further, the 
microprocessor's calculating power can be used to make other 
computations (power at each data point, maximum power, fill 
factor, efficiency etc.). 

1.2 SYSTEM CAPABIIITIES 

The system built provides the following facilities at 
present : 

1, I-V data acquisition of the solar cell under illumination 

2. Averaging of data points 

5. Softwax'e gain control for voltage and current in order to 
cater for. a variety of solar cells, and, 

4. Capability of detecting the sensitive regions and accessing 
data points in such a. xvuy as to weight these regions 
relative to the insensitive regions of the I-V characteri- 
stics. 

¥ith a single instruction modification and no hardware 
modification the same system can be used for 

1, I-V data acquisition of solar cell under dark 

2, I-V data acquisition for any two terminal device 
with the other facilities remaining the same. 
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The -whole system is made modular both hardiirare and 
sof t-ware-wise' to permit facile future modification as required. 

The hardware interface to the microcomputer is also made pro- 
grammable to enable hard-ware modifications. 

1,3 OVERT lEV/ 

Chapter 2 deals -with the basic system organisation at 
bloch-level and describes the function of each block. 

The hardware and softx^are elaboration o:c the system design 
is dealt with in Chapter 3. 

The I-V data of a solar cell^ obtained -under different 
illuminations (including the dark I-V) using the s^rstem designed 
and constructed by the author are' presented in Chapter 4. The 
forward-bias I-V characteristic of a diode have also been obtained 
on this set-up, for test purposes. 

In Chapter 5, we present suggestions for modifications of 
the present system in order to make it more versatile. 



CHAPTER 2 


BASIC SYSTEM ORCAHIZATION 

The basic system block diagram is given in Pig. 2,1. 

The scheme is as follows ; 

The microcomputer, applies a voltage across the cell through 
Digital-to-Analog Converter (DAC) and Driver* The resulting 
current of the device is converted into voltage tbu'ough the 
Sensor and is read into the microcomputer via the Analog-to- 
Digital Converter (ADO) and Sample-Hold circuits. The micro- 
computer computes the nest voltage to be applied and outputs the 
corresponding digital value into the DAC. The current is again 
measured in voltage form through the sensor and ADO. This 
sequence is done from 0 volts to the open circuit voltage of the 
solar cell (i.e,, till the current becomes zero). At each 
voltage value current is averaged and printed in scaled form. 

In designing the hardware system blocks and linking, software 
control and system flexibility for future modif ica.tions are taken 
into account. The choice of system blocks is a critical factor 
in building power and flexibility into the system. 

2.1 CHOICE OP MICROPROOESSOR/CObIPUTER 

The normal factors involved in the choice of the processor/ 


system are, 




FIC 2*1^ BASIC SYSTEM SLOCK DIAGRAM 
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1) Speed (2) versatility and power of instruction set 
3) Word length. (4) compatability and ease, of interfacing 
5) System support, ease of use, and availability in the 
microprocessor lab. 

All these fa,ctors are considered along with the nature of 
application before arriving at a conclusion on system selection. 

Our application requires only moderate speed; however 

\ 

the demand on a powerful system with flexibility arises in order 
to make a general purpose-easy to use instrument. Of the 
available microcomputers ( HTTEl 8080 based systems, AMI 6800 
system, PS based system etc.) in the Microprocessor Laboratory, 
HmTEL 8080 microprocessor-based system is the most pox^erful 
for it has the maximum hardware and softer e support. At 
present, there are four HTTEL 8080 microprocessor-based micro- 
computers (EC MIORO-78) available in the laboi-atory. The peri- 
pheral support includes slow speed tele-types, floppy disc and 
digital cassette back-up and alpha-numeric display terminals. 
These systems are made and marketed by ECU Hyderabad, The 
system software support includes a resident assembler. On-line 
Debug System (ODS), BASIC language and a Decimal Arithmetic 
Package (DAP), Hence the instrument built around 'MICRO-78 
has access to a full fledged microcomputer. 

MIORO-78 is an 8~bit parallel microcomputer having the 
instruction set of INTEL 8080, It has iS-bit direct addressing 
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capability and has a separate 8-bit I/O address space. In order 
to interface tbe instrument to the microcomputer two progranmable 
Interface Cards (PPI' s) are mde. Each card has three I/O ports 
and the status of a particular port (in INPUT MODE OR OUTPUT 
MODE) is software programmable. This flexibility allows for 
instrument modification with ease and enhances the power of the 
system. More details of the microcomputer and PPI can be found 
in the subsequent chapters and Appendix. 

2,2 DESIGN CRITERIA 

The following design criteria were considered in the basic 
design, 

. The design should allow for sufficient scope for expan- 
sion at a later stage depending on the application. 

, It should allow changes in the input and output confi- 
gurations making the system more vei’satile. 

To satisfy these y the design was centered around the 
following- : 

2,2.1 Eunctional Design 

1, The entire hardware is divided into functional modules 

each on separate printed circuit board (for e.g. Digital 
to Analog Converter and Driver, Sensor, Sample-Hold and 
Analog to Digital Converter etc.) 
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2. As explained earlier, the interfaces are made programmable 
to incorporate changes in the system. Besides the I/O 
ports used, additionally one I/O port is made available 

to facilitate the suggested improvements. 

3. Software is made modular and new subroutine introduction 
and linking is easy, 

4. The gains of Driver and - Sensor are soft-^^are selectable 

% 

through user communication command via Tele-type, 

Hence any additional functional block such as another DAO 
or ADC or counter etc., can be introduced along with software 
without any difficulty. 

2.2,2 Mechanical Design 

Each functional module is made on a separate printed circuit 
card of size 20 cms by 10 cms. This card size allows sufficient 
complexity of circuits to be implemented with the available MSI 
chips , 

Bach card is enclosed in a bin made of 3/8" thick aluminium 
sheet reducing the effects of noise on the circuits. Three 
different widths of bins 1.55’', 2,7" and 4” are used depending 
upon the size of the externa.! connector in the rear panel and 
connections brought out on to the front panel. All these 
modules go into a 5.2" height frame which can be adopted for 
rack mounting. This scheme paves the my, for integrating 



11 


different modules of various sizes depending on the application 
and at the same time allows rack mounting. 

To allow for this small size modules Amphenol 15 pin 
contact and 25 pin contact miniaturized connectors^ are used 
depending on the number of external connections. Space is 
provided in the main frame to accommodate a few more modules. 

Thus the functiona,! design and mechanical design are 
expected to completely meet the requirements mentioned in the 
Tesigia Criteria. 

'2.5 OOPEPONEUT SEIEOTIOI AFE DESIGE EEATUTiES 

Other than the microcomputer and the interface cards the 
major functional blocks are (i) Digital to Ana log- Converter 
(ii) Driver, (iii) Sensor and (iv) Sample-Hold and Analog to 
Digital-Converter circuit. Even though speed is not a major 
criterion, high accuracy is required to got meaningful data. 

Hence 12-bit converters are chosen for this purpose. Although 
the ADC available to us was an inhex*ently slow device and acts 
as the speed-limiter in the measurements, we decided to use a fast 
settling, high slow rate buffer as our driver, in ordei- to 
achieve a modular design which can retain the speed of the DAC. 

All circuit components are chosen keeping in view of the offset, 
drift, slew-rate etc., in order to retain the system accuracy on 
all levels. Hence the Driver buffer, Sensor circuit and Sample-H 
Hold circuit buffer op-amps are chosen with low off-set and 
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drift, A further requirement for the Sensor and Sample-Hold 
circuits is low- input bias current. The ADC is a slow-speed 
monolithic CMOS 12-bit converter working on ' charge -balancing' 
principle. The Driver and Sensor circuits are made with 
necessary hardware to provide software gain control, Full de- 
tails of the circuit diagrams and component descriptions are 
given in the next chapter^ 



OMPTEH 3 


HA.EDWARE AMD SOFTWARE ORMIZATIOM 


As pointed out in the earlier cliapters, the hardware and 
software organization should meet the requirements of accuracy 
and flexibility. Fig. 3.1 shows the microcomputer functional 
"blocks along with the interfaces. 

3.1 DESCRIPT lOM OF HICRO-Ts'^ 

The microcomputer is a small, compact inexpensive 8-bit 
computer designed to meet the req^^irements of a variety of 
applications. The system is built around the LSI, M-channel, 
Si-gate, MOS single chip processor (INTEL 8080A). This chip 
interfaces with memory and INPUT /O'CTPUT throu.gh an 8-line 
data bus and a 16-line address bus. 

The microcomputer has an 8-bit Data word length and a 
Multiple word instruction format. It has a machine cycle time 
of 2 microseconds and can directly address upto 64 K bytes of 
core memory or any standard combination of semiconductor ! 
RAM/ROM. It can have 256 input ports and 256 output ports 
for communication with the external world. 

The standard system software includes a basic Assembler, 
an On-line Debugging System (ODS), a variety of utility 
packages and mathematical routines and basic hax’dware diagnostics 
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To facilitate development of software for MIGSO computer on 
larger machines, a cross “assembler and a simulator written 
in FOSTRAN-IV" are available as a standard support softira-re, 

A special version of simulator written in the assembly lan- 
guage of TDO-316, is also available. 

The System features include a 78 basic instruction set 
xfith a variety of addressing modes, stack architecture, inte- 
rrupt facility and DM (Direct Memory Access) capability. 

The bus signals and interface design rules are given in 
Appendix I. 

3.2 PROGHAMMA.BDS PERIPEBEAL RTTERPAOB (PPI) 

The microcomputer communicates with the external world 
normally through the Teletype, However, to input the real-time 
variables (such as voltage and current in digital form) and 
to generate some control outputs (such as gain control) the 
user has to develop an 'interface' circuitry to meet his 
requirements. There are two types of Input/Output interfaces 
that can be used on an 8080 microprocessor-based computer. 

They are, 

1. Memory Mapped I/O, and 

2. Normal I/O. 
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The memory mapped I/O uses the memory read/write control 
signals and sits in the memory address space, hi this, 
essentially, an I/O port is treated as a memory location, and 
hence all memory reference instructions can be used for I/O also. 

However, the 8080 microprocessor also provides separate I/O 
controls and an 8-bit I/O address space. Thus the user can have 
256 INPUT and 256 OUTPUT ports without reducing the memory space. 
Hence it was decided to make use of the I/O instructions and the 
I/O address space rather than a memory mapped I/O. 

Figure 5.2 gives PPI card schematic diagram. The following 
design specifications are taken into account in designing the 
I/O interfaces j 

1. It should be a general purpose card available to a ■variety 
of users. 

2. It should provide flexibility for instrument modification/ 
expansion. 

Hence the cards are made with the following capabilities : 

1. They are relocatable anywhere in the l/O address space 
by means of manual switches. 

2, Each PPI card provides three I/O ports to cater for 
Sufficient I/O interfaces. 

The mode of operation (INPUT or OUTPUT) of any particular 
port is decided by the user through softmre. For this 


5 




programmable Peripheral fNjeRFACE 
CARD Schematic 
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purpose, a fourth, port called 'STATUS PORT' is provided. 

The status port is the 'origin' (or displacement) of a 
particular PPI card in. the I/O address space and the mode 
of .operation of the next successive tliree ports are decided 
hy what is written into the status port thxough software. 

4. With 'power-on' and ’ I&s ter- clear' (from the microcomputer 
console) all the ports go into input mode so that accidental 
destruction due to t\fO outputs clashing is avoided, 

5. An interrupt line is also included to provide interrupt 
facility. 

The data written on to a port remains valid till another 
data arrives at the same port. For this, latches are used in the 
output mode. 

The address selection is imde as follows ; 

The ISB 8-hits of the Address Bu.s are used by the computer 
for addressing in l/O instruction. In the PPI card of the 8-bits 
the LSB 6 bits are used for ' card select' and the remaining 2- 
bits are used for 'port-select' . By having a DIP switch an 
address comparison is made with the address on the address bus 
to give the ' card-select' signal, how the remaining 2-bits 
will select a particular port (status port + 5 I/O ports) 
upon an I/O instruction. Thus the ports are relocatable any- 
where in the I/O address space by altering the switch position 
on the DIP switch soldered on the interface card. These 
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interface cards directly go into the microcomputer hin. The 
ffiPUT/OUTPUT connections are through a 4-0 pin edge connector. 

This type of design has proved very useful for a variety of 


us ers 

and also 

enhance;, the system 

flexibility 

• 


Two such 

cards are 

made 

to interface 

DAO and ADC and to 

provide software gain control 

and 

start convert command. The 

allocation of 

different 

ports 

is 

sho^vn in Table 3.1. 

PORT 

Ro. 

PROG. 

ADDRESS 

£0ctal) 

Bits 

Used 

Bits 

Used 

Rot 

Mod e 

Purpose 

1 

571 

0-7 

Rone 


Input 

Por LSB 8-bits 
of ADO 

2 

572 

0 

1 

4-7 


Input 

For MSB 4-bits 
of ADC 

5 

573 

0 

1-7 


Output 

Start Convert 

4 

575 

0-7 

Rone 


Output 

For LSB 8-bits 
of DAO 

5 

576 

0-5 

4-7 


Output 

For MSB 4-bits 
of DAG 

6 

577 

0-4 

5-7 


Output 

For Gain Control 


Table 5.1 Port Allocation 
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3.3 DIGITAL TO ANALOG CONVERTER (DAC) and DRIVER 

As mentioned earlier, accuracy considerations demand a high 
resolution converter such as lO-hits or 12-bits. Availability 
of a 12-bit DAC was the deciding factor while choosing the DAC. ■ 

DA 1200 is a low cost, 12-bit digital-t o-analog converter 
with a variety of input coding options. The input coding 
options include complementary binary and complementary BCD for- 
mats, In all instances, a logic 'low’ ( -i 0.8 V) turns a given 
bit ON, and a logic 'high' ( ...h 2.0 V") tux'ns the bit OEE. Both 
current-and voltage-mode outputs are available with 1,5 (is and 
2.5 (is settling time respectively, Outx^ut format may be pro- 
grammed for bipolar (+ 10 V) or unipolar (0 to lOV) operations 
using internally supplied thin-film x'esistor pin strap options. 
The DAC is available in 24-pin Dual-in-Line Package (DIP). 

For our application unipolar, volt.age output mode (0-10 V) 
is chosen. 

Since the DAC is a fast-settling one (2.5 (is), the associated 
Driver circuitry external to the chip is also made compatible. 

The DAC and Driver circuitry along with gain control 
provisions are shown in Fig, 5.3. 

The Driver circuit consists of a hybrid integrated circuit 
buffer having high input impedance, excellent slew rate and 
good current driving capability. This buffer (LH 0063, 




Jdd V\'Oil=t- 
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ffe 3* 3: DIGITAL -TO' ANALOG COWER lER awd 

DRIVER CIRCUIT 
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national Semiconductors) is a fast PET input buffer (unity gain) 
having current driving/sinking capability of 200 mA, The 10 is 
laser trimmed for low off-set and has a slew-rate of 5000 Volts/us, 
Short-circuit protection is provided by connecting external 
resistors in the output circuitry. 

Gain control is achieved by relay switching of resistors 
at the outpn.t of DAG (or input of Driver), By generating 
appropriate commands (provided through software) user can select 
any of the follov^ing voltage mnges. 


COMMAND 

Voltage Range 
(Volts) 

H 

II 

0-10 

Y = 2 

0-5 

II 

0-1 


In each of the ranges a maxiniin of 4036 steps can be given 
starting from 0 V to the naximum voltage. Hence, depending 
upon the sensitivity of the device tmdur test, the user can 
Select any desired range to get highly accurate I-Y characteri- 
stics , 
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3 . 4 SENSOR CIRCUIT 

The Sensor circuit is a current-to-voltagc converter 
using op-amps. The choice of the op-amp is critical here from 
the input bias current point of view, as any bias current will 
result in error. 

The Sensoi* circuit is shown in Fig. 3.4. It consists of a 
low cost, high accuracy, low input bias current (50 pA max.) 

RET input op-amp and gain control circuitry. The gain control 
circuitry consists of switchable precision metol film resistors, 
relays and relay drivers (open- collect or TTL inverters). 

Since the test device is connected between the output of the 
Driver and input of the Sensor op-anp (which is at virtual 
ground), the voltage output of the Driver essentiall37- appears 
across the device. The device current flows thorugh the feed- 
back resistor in the Sensor circuit resulting in a voltage 
V = IR, This feed back resistor com be ' rela switched’ by 
software to give the desired gain. Two gain j’esistors (100 Ohms, 

50 Ohms) are internally provided for the user. A third command open 
the feed-back path giving the user an option of plugging any 
resistor externally. Since the op-amp cannot supply the desired 
current (about 200 mA) external power transistors are provided 
for this purpose. The power transistors provided can givo 
3 amps (maximum). 
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5.5 SAMIE-HOLD AID AiIALOG-TO-DIGITAL GOlfVEPLTSR CIRCIJIT 

The solar cell under illumination by a tungsten lamp has 
50 Hz ripple in its output. Hence it is necessary to have a 
sample-hold circuit to hold the voltage during conversion time. 


The sample-hold circuit along with the Analog-to-Digital 
converter and associated logic circuitry is shown in Pig. 5.5(a). 
Since high accuracy has to he retained throughout the system, 
high performance OP-AD-IPS are used. 

The sample-hold circuit consists of a series switch element 
and a voltage translator to convert the TTl ii/ll commands from 


+ 15 P to - 15 V for Switching JPET. ' An output opex'ational 
amplifier IM 308 buffers the sampled signal. Hhen the logic 
input is '1’ the control voltage switches to - 15 P and the 
PPT is OFP and the storage capacitor 01 holds tne signal voltage. 
The sampling element is a JPBT 2H 4393. It features a low 

(5 nA) and in the hold mode has a low drift rate of 5 fiV/ooc 
when aO*l |,iP hold capacitor is used. An isolation resistor 


R1 included between the capacitor 01 and the input of IM 308 


insures that the op— amp will not be damaged by shorting at the 
output or abruptly shutting down the power supplies when the 
capacitor is charged. 

The ADO is a 12 bit monolithic CMOS converter working on 
charge balance principle. The converter, ADO-BK 12 B, is a low 
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Fia5‘5a: sample-hold and 

analog -TO- DIGITAL converter 
UkCOiT 
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power, integrating type CMOS monolithic chip with 12~hit 
accuracy. It features 20 milliwatt power consumption with no 
missing codes and low cost. The charge "balancing integration 
technique gives high linearity along with inherent monotonicity 
resulting in no missing codes. The output data appears in 
parallel form (TTI compatible). The conversion time is 24 msec 
(max.) and analog input voltage range is programmable by means 
of an external resistor. Standard operatii-^ mode is xinipolar but 

g 

bipolar operation can be realized aising an external op-^mp , 

The conversion logic signal goneration is as follows : 

1. The microcomputer generates a 1 msec pulso through its 
output port. 

2. The lead.ing edge of the pulse is used for sampling the analog 
voltage. The sample time is 0.6 msec, 

3. The falling edge is used to give a 'start convert' command 
for the ADC. This is generated by a monostable giving 
'start convert' pulse of 1 ps. 

The logic is illustrated in. Fig, 3.5(b). 

The conversion time is about 24 msec and at the end of it, 

• , the ADn acknowledges with a low-to— 

high transition 'DATA VALID' signal. This signal latches the 
data into dual hex latches and is taken -in by the microcomputer 
before giving the next 'start convert' comm3,nd. 



29 


3.6 SOFTWARE ORGARIZATIOE 

As noted earlier, the software has to 

1. provide data averaging, 

2. be capable of detecting sensitive regions in the I-V 
characteristics, 

3. accept gain control cormriands and set gains accordingly, 

4. give the data in a user readable, easy-to-follow tabular 
fOi'oat, 

5. provide- Eiodula,rity and facilitate future modifications. 

The software, written in the assembly language of MIORO-78 
has twenty subroutines and one main routine (which links all 
the subroutines). The total program area is about 2K which can 
be stored in ROM in case of a dedicated system, and .a data area, 
the size of which will depend on the device under test. Fhximum 
data area is about 1,5 K which is semiconductor RAM. The pro- 
gram uses Stack Area for tenpora,ry storage and subroutine call and 
return. 

Fig, 3,6 illustrates the flow chart of the program, hote 
that the voltage and the corresponding current values are 
stored in the memory to facilitate any further processing of the 
data. For every voltage setting a, pair of current readings are 
taken, averaged and printed. Four such ' ipairs are taken and 
the average of all the averaged v -i^rs is o.lso printed. Two 
successive current values are compared while deciding the 
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next voltage setting. A large difference will result in a 
smaller voltage increment for tlie next step and small difference 
in two successive readings will result in a larger voltage 
increment. Tlie amount of difference in current readings and 
the voltage increments to be applied, are user selectaule in 
sof twa.re. 

Thus the softvTare routine can cater for I— V measurement of 
any two— terminal device. However, since the aDC cannot sense 
negative voltages (negative voltage will result if the device 
under test is not a generator, as the current direction will be 
now opposite) an inverter is provided in the hardware to meet 
the need. Now, the output of the Sensor has to go tlirough the 
inverter to the ADC for measurement. 

The I-V data accessed for a solar cell are given in the next 
chapter. The readings include conditions of different illumina- 
tions and in dark; I-Y data accessed for an ordinary diode are 
also presented, 

A complete listing of the softivare is given in Appendix II. 



CHAPTER 4 


RESULTS AiH) DISCUSS lOH 


With, th.8 iiistrunent fully operational, I-V characteristics 
of a solar cell (illuminated and darlc) and an oi’dinary diode 
(forward bias) were taken, Sample readings are given in Tables 
4.1 to 4.5. 


The solar cell I-V curves under 'bwo different illumination 

levels are plotted and an approximate calculation of series 

7 

resistance is carried out a,s shomi in the graph (Pig, 4.1) . The 
method adopted is as follows : 


Considering the effect of series resistance alone, the I-V 
relationship of a solar cell at light intensity 1^ is, 


=^1 = 






- 1 ] 


"1 


(4.1) 


at light intensity ^ 2 * 


I 


2 




(Vo - 





when parameters have the usual notations. 


(4.2) 


Since Ij^ is a constant current source proportional to the 

light intensity, I-, can be expressed as, 

•^2 


I 


L 


2 



^L 


(4.3) 
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Since tJie voltage is an independent variable, if we choose 

\ - ^1 = ^2 - ^2 \ (4*4) 

ean. (4.1) minus (4.2) gives, 

~ ^2 “ ^ (4.5) 

Equation (4.5) in (4.4) gives, 

Vi - = .Uj, Rg (4.6) 

where and Y2 are the terminal voltages. 

Using this,' can be found out graphically as illustrated. 

For the I~V characteristics drawn, R_ =<2*0 Ohms, 

^ s 

As such a better way of finding out the series resistance 
and other parameters of the solar cell or any other device will 
be through curve fitting programs on a larger computer. Since 
the main ain of the project was to construct an I-Y data acqui- 
sition system, this work was not carried out. However the 
linearity and the correctness of the instrument were verified 
using direct calibration procedures. 

Since the instrument treats the device as a ’black-box' 

I-Y characteristics of any type of solar cell (p-n junction, 
hetero- junction, amorphous or liOS types) or any other two ter- 
minal device can be carried out without any problem. It is to 
be noted that for other devices, (say p-n junction diode or 
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scho-fctky-barrier diode or solar cell in dark) the inverter 
should be also included in the signal path from sensor to ADC 
input; in software the required modification is to load 
Y’FOP' (No operation) code (000) into locations 206, 207, 210, 

251 , 232 and 233 (octal addresses). 

From the I-V data one can realize that close-spaced points 
are taken in pairs in the sensitive regions. In the 'not 
so sensitive regions' instead of close-spaced pairs of data, 
larger voltage steps are given. The softisire can be modified to 
take more number of data in the sensitive regions rather than 
close-spaced points in pairs' (with larger displacement between two 
such pairs. By pairs we mean two successive I (average) readings)^ 
this could be achieved by a dynamic computation of step size and 
back-tracking capability. This modification is however not 
implemented on the present set-up. 
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MULTIPLICATION FACTORS: 

FOE V=1 USE C1.0E-033 V-IN VOLTS 

FOE 1 = 3 USE C 1/R( 1.0E-0g:53 R=100 OHMS I-IN AMPS. 
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CHAPTER 5 


OOITGIUSIOI 


A basic' microprooessor-based solar cell data acquisition 
systoa has been built and tested. The present set-up 'is 
capable of taking the I-V data of solar cells under illuraination 
and in dark. It can acquire I-V data of diodes also. It is 
possible to get the spectral response of the solar cells if 
monochromatic light sources are nado available. More sophis- 
ticated hard'V'rare a.nd software build— up over the existing one 
can make the instrument general-purpose and more powerful. 

Software modifications require a knowledge of assembly 
language programming which is a constraint of the microcomputer- 
based instrument. It is expected tliat in future higher level 
langiiages will be operational with the microcomputer. 

The modularity of the instz’ument set-up will facalitate 
future modifications and extensions, A user manual is being 
prepa,red for this purpose. Suggested enhancement of the 
facilities are : 1) incorporation of another DAG to take the 
I-V of three terminal devices and a G-V measurement unit along 
with necessarjr softxvare 2) computation of the device parameters 
through softimire implementation in the microcomputer. 

iJ.T. KANFUE 

T 59477 


No. 
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APPEITDIX - 


I 


micpo-78 bus si&uals and hterpace design rules 

The microcomputer I/O hus consists of 35 signals. The 
basic mechanical frame has 11 slots for standard 3 Ht, cards. 

The GPU nodule occupies one position and the remaining 10 
positions can be used for I-Ionory and I/O contx*ollor nodules. 

The I/O signals run like a bus on back panel mother-board. Each 
of the 33 signals is allotted a particular pin in all the 11 
positions. Hence the required signal for a particular pin can 
be tapped from the corresponding pin in that slot. In all, each 
slot iias 120 pins. The total number of free pins available in 
each slot is 75, These pins can be used for inter-module wiring 
for those controllers which require more than one card. The 
device cables can be connected to a connecter mounted on the 
main frame through an adapter from the free edge of the card. 
All signals should bo driven by open collectors or tristate 
buffers on the bus. 
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input/output BITEEPAOE SIGiTlLS 

The following are the 33 iI/0 signals 


• 1 

o 

• 

Pane 

Description 

Logic 

lIo„ of lines 

1 

'Add to 
Addi^. 

Address lines 


16 

2 

h-h 

Data lines 

^ve 

8 

3 

.¥XM 

Write pulse for 
memory 

-ve 

1 

4 ■ 

¥X0 

Write pulse for 

I/O (0.48 to 2 {is) 

--ve 

1 

5 

TSRI'I 

Read pulse for 
memory 

~ve 

1 

6 

TSRI 

Read pulse for I/O 

-ve 

1 

7 

SSYR 

by n chr on iz ing 
signal from memory, 
indioating that a 
memory read/wite 
is completed 


1 

8 

IR 

Interrupt reQuest 

~ve 

1 

9 

DMR 

DM request 


1 

10 

DTIAA 

AcJoaowledge for DKAR 

-Ye 

1 

11 

MG 

Master clear signal 
issued by GPU to 
initiate some flags 
and registers in the 
device controllers 

-ve 

1 


Por laore details user has to refer to the MIGRO-78 system refe- 


rence manual 



APPEiTOIZ - II 


SOUROS PEOCtSAM LISiniG 


COMTD 

SET 

1117B 


OEG 

loop 


LX I 

SP, 5500B 


LXI 

H, 3000B 


OHLD 

AR 


LXI 

rI,3500B 


SHLD 

ARAM 


LXI 

Ii,4000B 


SHLD 

TV 


MV I 

A,0 


LXI 

H,IE 


MOV 

M,A 


XRA 

A 


OUT 

374B 


MV I 



OUT 

370B 


CALL 

COIRTD 


CALL 

GAHTS 


CALL 

PEIRl 


LXI 

H, 52 OOB 


LXI 

3,7777B 


GALL 

DA CO 


GALL 

DAGS 


CALL 

ADOAV 


GALL 

ACHEK 


JZ 

LBTE 

AG : 

DGX 

B 


GALL 

DACC 


JZ 

OELO¥ 


USEE COMMA.UD EOE GAUf SE'IIIUG 


MC OUTPUI ROUT DTE 
DAG SAYE ROUT IRE 
AUG AVERAGE ROUT BIB 
ADO CHECK ROUTOTE 


DAG CHECK ROUT IRE 




GALL 

CALL 

GAOO 

ADCAV 


GALL 

. AOIIEK 


JZ 

LUTE 


CALL 

PAT 


JNO 

AG 


MWI 

D, 7B 

OG j • 

DCX 

B 


CALL 

DACC 


JZ 

OF LOW 


DGR 

D 


JHZ 

OG 


Jl^IP 

AG 

OP LOW : 

mi 

B,30 

PJjI ; 

CALL 

IFOR 


LXI 

H, IHPC 


MOV 

A,M 


GALL 

OUTP 


DCR 

B 


mx 

H 


JEZ 

PLl 

LIWB ; 

GALL 

II'CR 


mi 

B,57B 


mi 

A, 553 

Lnm J 

CALL 

OUTP 


DGR 

B 


JEZ 

LIlTEl 


CALL ' 

LPCR 


MI 

G,6 


MV I 

B,25 

LBTE2 ; 

LXI 

H,mLP 

HBPlE ; 

MOV 

A , M 


CALL 

OUTP 
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JEX 

ii 


DGR 

B 


JNZ 

HERE 


GALL 

lECR 


LGR 

n 

v 


mi 

B,25 


JRZ 

HERE- 

IKPOM : 

M ■■ 

OUT OL R^U'TGE.GI-IAHGB VOLTAGE GATH 

MUIP ; 

LA 

lULTIPLIOATIOH FACTORS ; 

GUIT j 

LOR V=1 

USE [l.OE-0'3] 


LOR V=2 

USE [0.5 E-05] 


LOR Y=3 

USE [1.0 B-04] 


LOR I» S 

USE [1/R (l.OE - 03)] 


WHERE R 

IS HI 0HI4S 

II-GR 

I-IVI 

A,15B 


GALL 

OUTP 


MVI 

A,12B 


CALL 

OUTL 


RET 



ORG 

1117B 

OOOM'T 

^171 

A,126B 


CALL 

OUTP 


B'I7I 

A, 2753 


CALL 

OUTP 


GALL 

HIP 


CALL 

OUTP 


M07’ 

B,A 


mi 

A,311B 


CALL 

OUTP 


'mi 

A,275B 


GALL 

OUTP 
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GALL 

INP 


CALI 

OUTP 


MOV 

. C,A 


CALI 

IPCR 


NET 


GAINS : 

XEIA 

A 


STA 

BB 


MOV 

A,B 


CPI 

6IB 


JZ 

VSl 


CPI 

62B 


JZ 

VS 2 


CPI 

653 


JZ 

GSl 


CALL 

OOMD 


JKP 

CrkmS 

VSl 2 

MI 

A,1 


STA 

BB 


JM 

GSl 

VS2 

MI 

A, 2 


STA 

BB 

OSl 

MOV 

A,C 


CPI 

61B 


JNZ 

CS2 


LDA 

BB 


ONI 

4 


STA 

BB 


OUT 

577B 


RET 


CS2 : 

CPI 

62B 


JIZ 

CS5 


LDA 

33 
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CS5 ; 


SETE ; 


B 3 : 
P.RIMI j 


ONE : 


TPIERB ; 


EOUR : 


ORI 

STA 

OUT 

RET 

CPI 

JZ 

CALL 

Jl-Ii? 

LEA 

QRI 

OUT 

RET 

DB 

Ml 

LI I 

CALL 

DCR 

JRZ 

GALL 

Ml 

MOV 

GALjj 

DOR 

lEX 

JRZ 

GALL 

I'lVI 

GALL 

DGR 

JiTZ 

CALL 

RET 


lOB 

BE 

377B 

63 S 

SETE 

COME 

GAIIIS 

BB 

20B 

377B 

0 

B,57B 

H,T¥0 

A,55B 

OUTP 

B 

ORE 
II' OR 
3,55B 

A, M 
OUTP 
B 

H 

THERE 

n-GR 

B, 55B 
OUTP 
B 

POUR 

LPCR 



DAGO s 


ADGAV ; 


ARk ; 


TL ; 


JJ : 


MOV 

• A,0 

OU'I 

375B 

CM 


OUT 

376B 

GALL 

GAGS 

GALL 

GID7T 

GALL 

ADGSH 

GALL 

PR BIT 

PUSH 

B 

PUSH 

H 

i-lVI 

A, 4 

STA 

AR 

CALL 

AD GUT 

ZGHG 


GALL 

ADGSH 

LXI 

B,2000B 

DGI 

B 

MOV 

A,B 

ORA. 

G 

JHZ 

TL 

GALL 

ADCBT 

DAD 

D 

GALL 

DIV2 

XGHG 


LELD 

AH 

mi. 

xi 

CALL 

GiDTT 

GALL 

xlDGSII 

CALL 

PRBIT 



DIV4 .• 


MI j 


JM 

ARA 

IHII 

i 

AM 

IGI 

H 

MOY 

D,M 

dsj: 

H 

MOV 

D,M 

I ox 

H 

MOY 

C,M 

ICX 

H 

HOY 

3,M 

DOX 

H 

SHLD 

AM 

XCKCt 


MD 

B 

mi 

A, 2 

STA 

MM 

XCHG, 


IDLD 

Ail 

HOY 

C,M 

ICX 

HOY 

H 

3,M 

ICX 

H 

SHLI 

AH 

XCH& 


DAD 

B 

IDA 

HAH 

ICR 

A 

STA 

HAH 

JXZ 

ML 

CALL 

DIY2 

CALL 

DIY2 

XCHG- 


CALL 

ASAYE 

CALL 

CMYT 



52 


« 




GALL 

PRBIT 


LXI 

H,3000B 


oHLD 

A1 


POP 

K 


POP 

B 


RET 


DIV2 : 

XRii 

A 


MOV 

A 


RilR 



MOV 

lijA 


MOV 

A,L 


Rii-R 



riOV 

L, A 


RET 


A SAVE i 

PUSH 

H 


LHLD 

ARiiM 


MOV 

M,D 


BIX 

H 


MOV 

M,E 


BIX 

K 


SHLD 

ARIM 


POP 

H 


RET 


DAGS ; 

PUSH 

H 


LHLD 

TV 


MOV 

M,B 


BIX 

H 


MOV 

M, G 


BIX 

H 


SHLD 

TV 


POP 

H 


RET 
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AIT ; 

D¥ 

3000B 

AR : 

DB 

lOB 

KAK ; 

BB 

0 

AR/lM ; 

DW 

3500B 

TV ; 

D¥ 

4000B 

CrVT : 

PUSH 

H 


PUSH 

B 


CALI 

ADJST 


MV I 

A,14B 


STA 

BCD 


LAI 

lijABCD 


LXI 

B,0 

l iiLl ; 

MO'V 

i-i. y E 


RLC 



MOV 

E,A 


MOV 

A,D 


ML 



MOV 

D,A 


JIG 

001 


MOV 

A,C 


ADD 

M 


DAA 



MOV 

C,A 


MOV 

A,B 


BIX 

H 


ADC 

M 


DAA 



MOV 

B,A 


JIIP 

COIT 

JOIT : 

Li JL 

H 

JUiiT : 

LIZ 

H 


LDA 

BCD 
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DOR 

A 


STA 

BCD 


JZ 

OVER 


JI'R’ 

llAI 

OVER ; 

MOV 

H,B 


MOV 

L,0 


POP 

B 


ZOHG 



POP 

H 


RET 


BOD ; 

DB 

14B 

ABGD ; 

DB 0, 

L20B,0,45B,120B,22B,45B,6,22B,5,126B,1,170B, 


0,71B 

, 0 , 31B 

BBOD ; 

DB 

0,11B, 0,5, 0,2,0 

ADJST : 

PUSH 

B 


mi 

B,4 

MOVE : 

MOV 

A,E 


RLC 



MOV 

E , A 


MOV 

'D ■ T 

A,D 


aUxJj 

MOV 

D,A- 


DOR 

B 


J HZ 

MOA^B 


POP 

P'fiTn 

B 

PRIITT : 

MOV 

A,D 


CALL 

RSPT . 


GALL 

OUTP 


MOV 

A,D 


AN I 

L7B 


ADI 

6 OB 


CALL 

OUTP 



LL : 


IF : 

ADO HI : 


AD OSH ; 


MOV 

A,B 

GALL 

RSPT 

CALL 

OUTP 

MOV 

A,E 

AH I 

17B 

ADI 

6 OB 

CALL 

OUTP 

mi 

A,240B 

CALL 

OUTP 

CALL 

OUTP 

CALL 

OUTP 

CALL 

OUTP 

LDA 

LP 

n\R 

A 

CPI 

6 

JZ 

LL 

STA 

LP 

RLT 

XRA 

r, 

J.1 

STA 

LP 

GALL 

LPCR 

HSI 

DB 

0 

K 

371D 

MOV 

E,A 

IH 

31 2B 

AH I 

017B 

MOV 

D,A 

RET 

MV I 

A, 7 

OUT 

373B 

MVI 

A,77B 



DECK : 


RSFT ; 


ACHBK ; 


PAT : 


OHEK ; 


DGR 

A 

JNZ 

DBCR 

OUT 

373B 

RET 


RRC 


RRO 


RRC 


AKI 

17B 

ADI 

SOB 

RET 


MOV 

A,D 

ORii 

B 

RET 


PUSH 

B 

PUSH 

D 

PUSH 

H 

LHLD 

..'iRilM 

DCX 

H 

liOV 

E,M 

DCZ 

E 

MOV 

D,M 

DCX 

H 

MOV 

C,M 

DCX 

H 

MOV 

B,M 

xom 


MOV 

D,B 

MOV 

B,C 

MOV 

A,D 

CI-'IP 

H 

JO 

SUBT 

JITZ 

BXGH 

MOV 

A,E 
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BXOH : 
SUBT : 


■JLSaR : 
POPS : 


DACG 


om 

I, 

JG 

SUBT 

JZ 

SUBT 

zci-ia 

IBA 

A 

MOV 

A,L 

SBB 

E 

MOV 

a,A 

MOV 

A,H 

SBB 

D 

MOV 

B,A 

mi 

A,4 

CMP 

C 

JO 

CLEilR 

STO 

Ji'B? 

POPS 

]{RA 

A 

POP 

H . 

POP 

D 

POP 

B 

RET 

MOV 

A,B 

O'illL 

0 

RET 

PUSH 

PSU 


12B 

Rill 

JUG 

GHER 

POP 

PSU 

CUT 

13B 

RET 


OUTP ; 
CHEK : 
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htp j 

mi 

A,1 


OUT 

lOB 

im : 

HI 

lOB 


UAL 



JUG 

Eli 


lU 

IIB 


Ail I 

177B 


RET 


JK j 

MOV 

M,E 


nil 

H 


SHLD 

M 


Ji-ie 

JJ 


SFD 




